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new "advance in polyolefins tech- 
nology could be the start of a 
. whole new business" for DuPont, 
according to the firm's new president 
and chief executive officer, John A. 
KroL A breakthrough has been made 
that will allow DuPont, to offer new 
polyolefins at very competitive prices, 
Krol suggested at a press conference in 
New York City. 

Joseph A. Millar, senior vice presi- 
dent for R&D, went even further. "Du- 
Pont is now able to offer olefin poly- 
mers never available before," he said, 
adding that the new technology could 
generate a multi-million-dollar busi- 
ness for the firm. 

The advance resulted from coopera- 
tion between DuPont and Maurice S. 
Brookhart professor of chemistry at the 
University of Noith Carolina, Chapel 
Hill. The keys to ; the new polyolefin 
technology, C&EN has learned, are cata- 
lysts that Brookhart developed with his 
associates Lynda K. Johnson and Chris- 
topher M Killian (/. Am. Chem. Soc., 117, 
6414 (1995)]. The new catalysts are pal- 
ladium- and nickel-based complexes 
that convert ethylene and a-olefins to 
high molar mass polymers with unique 
microstructures. 

The new catalysts, Brookhart tells 
C&EN, are the first reported for which 
simple variation of pressure, tempera- 
ture, and ligand substituents allows 
access to ethylene homopolymers 
with structures that vary from highly 
branched, completely amorphous ma- 
terials to linear, semicrystafiine, high- 
density materials. . 

The PddD and NiQD initiators are cat- 
ionic metal complexes that incorporate 
bulky diimine ligands. Once activated, 
exposure qf the palladium catalysts to 
ethylene, propylene, or 1-hexene produc- 
es high molecular weight jxrfymers that 
are isolated as amorphous materials. 
Analysis of the polyolefins reveals exten- i 
sive chain brandWng along the backbone 
of the molecule >vith -the braiicli&;ian# 
danJy distributed and erf ^variable 
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Brookhart says the 
amorphous polyeth- 
ylene produced by 
these catalysts consti- 
tutes a new class of 
polyethylene that is 
far more highly 
branched than low- 
density polyethylene. 

The activated nick- 
el catalysts also trig- 
ger polymerization of 
ethylene and a-ole- 
. fins and are easier 
to generate than the 
palladium catalysts. 
Polyethylene pro- 
duced with these 
catalysts : may be ei- 
ther highly branched 
or only moderately 
branched, with meth- 
yl brandies predomi- 
nating. The extent of 
branching is a func- 
tion of temperature, 
ethylene pressure, 
and catalyst structure. 
Branching increases 
^s the temperature 
rises/ At higher ethyl- 
ene pressures, less 
branching occurs, al- 
though polymer 
yields and molecular 
weights are similar. 

Mechanistic stud- 
ies show that the 
state the catalyst ex- 
ists in most of the time (resting state) in 
polymerization of ethylene is an alkyl 
ethylene , complex. Fbftowihg migratory 
insertion of this species/a heW m&al a> 
kyl cation is formed that may be trapped 
immediately by :ethylen^eading, after 
insertion, to> linear chain segment Or 
the ,mefcal !alkyl • atioi\V^yi,und' 
chain migration before. ^trapping ] bjr 
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by physical process parameters. Because 
of the stsric hindrance from the tnriky ; 
diimihe ligands, chain propagation rates 
are greater than chain transfer rates,: 
leading to high molecular Aveights^.:;^ 
^ Brookhart: says{ the nickel catalysts: 

?^>#tK ^those of I metaUoeene ^felyststv 

w ...... ^us&ito^^ 



Meanwhile, in a related. development 
Brookhaif s lab has produced the first 
- examples- of metalo talyzed - copolymer-- 
ization of nonpolar monomers— ethyl- 
ene or propylene— with polar alkyl acry- 
lates to give high molecular weight co- 
polymers [/. Am. Chem. Soc., 118, 267 
(1996)1. Similar to the corresponding eth- 
ylene homopolymers, the ethylene copol- 
ymers are amorphous, highly branched 
materials. The ester groups are located 
predominantly at the ends of the branch- 
es, and the rates of polymerization are 
considerably less than those for homo- 
polymerization of ethylene. 

Brookhart says these are the first 
transition-metal catalysts capable of 
polymerizing ethylene and propylene 
with functionalizad vinyl monomers to 
high molecular weight polymers by a 
coordination-type polymerization. 

DuPont has filed a patent application 
on the technology with about 500 
claims. Miller said the patent deliber- 
ately was made as broad as possible, 
covering composition of matter, pro- 
cessing, and products. If all goes well, 
he believes it will take about five years 
to commercialize the technology. 

Joseph Haggin 
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Major parts of the federal government 
are still up and running thanks to an 
agreement between Congress and Pres- 
ident Clinton on a continuing resolu- 
tion, effective through March 15. Most 
affected agencies — including the Envi- 
ronmental Protection Agency, the Na- 
tional Science Foundation, and. the Na-; 
tional Institute of Standards & Technol- 
ogy — are being funded at the level set 
by House-Senate conference reports on 
their fiscal 1996 appropriations bills. 
Those bills were vetoed by Clinton. 

But to entice Clinton to sign this 
third continuing resolution, Congress 
agreed to fund at 75% of their fiscal 
1995 spending levels a number of pro- 
grams the majority wanted terminated. 
Congress also backed, off from some 
provisions that would have restricted 
the actions of several agencies; : - : 

For example, under its fiscal 1996 ap- 
. propriations bill, EPA would have been 
prohibited from proposing a drinking - 
water standard for radon.and from im-- 
plernenting and enforcing wetland pro- 
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tection programs. EPA can now do so, 
at least until March 15. 

But Congress cut EPA's budget se- 
verely for 1996-down 13% to $5.8 bil- 
lion. Funding for environmental pro- 
grams and . management is down 28% 
to $1.6 billion. Given that budget, EPA 
says it will have to furlough people— 
for example, have them work one day 
without pay each two-week pay peri- 
od—or perhaps even fire them. 

One progr a m saved by the latest con- 
tinuing resolution is the MIST Advanced 
Technology Program. Congress targeted 
ATP for elimination—the Republicans 
consider it a prime example of "corpo- 
rate welfare." ATP will receive 75% of its 
fiscal'1995 funding until March l£ That 
would be $256 million on an annual 
basis, according to NIST; spokesman 
Michael Newman. Although t^.wilTat' 
low funding of existing granted Neyshtrah . 
says no : riewi ^competitions, for; jOTje* 
. will be i^otaken. v --.'v:*-^ ' 

.Other. parts jrf NET receive fuU-fund- 
ing tinder the continuing i^lutk)ii On ; 
an annual basis, that means $259 million 
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most of its peer review by mail, arid, de- 
spite a huge backlog of inccsiung mail, 4 ; : 
that process was only somewhat hindered , 
by the shutdown, says division director 
Janet & Qsteryouhg: Material couki not V ; 
be put in the mail to pane&ts. But sl^ 
points out, the division Is required to 
make all its award recx»nmendaticTS by 
the end of June, so its fiscal year is effec- 
tively half over. Without a firm budget : 
thee is more arri nxaie difficulty in n^- ; 
ing deciskMis,' NSF has trid all ^wardees . j; ; 
to e^ect'd^ays in gating titer money, y ; 

University, researchers , who rely ; -y* 
heavily or entirely on NSF suppewrt are : : 
beginning, to feel the pinch. Robert ^ . - V 
Wild, professor of chemistry at Purdue : ; ;^ 
University, ; VVest l^yett^^Ind./ say& |, 
'Teople^wha ;axe^ 

are delayed. Cithers iroMv^ : diffioiiIr2^^^^ 
ty ; iri getting iauthorizatioh to . start : , : 
spending'oh tfie^j^fe^;?<*'i?v^ 

'istry-fatiSta 

member of the National Sdc^ t BpMdr">^MS; 
NSFs governing " b^y^belie^^the V^fKM 
darrage caused the sKutdowns > ]m j ^ \ ^ % 
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'Somewhere; there^gewn^ -to: Kkst 
funding, J ^ahd wmwhro^ 
has to pay . for it The government is ikA ^ 
going ; to continue to baddafe.t^ 



